Keywords: epithelial to mesenchymal transition, metastasis, prostate cancer, tumor associated macrophages Cancer continues to be the major cause of morbidity and death of more than 500,000 people in the US annually. Alternatively activated macrophages (M2 macrophages or TAMs) can facilitate tumor invasiveness and metastasis. As an invasive species in the tumor microenvironment, they provide an ideal therapeutic target.
Introduction
Cancer is a leading cause of death in the US, and in the past year, over 500,000 people died from this disease. 1 While localized cancer is highly treatable by surgical resection and radiation, cancer that has metastasized remains incurable. (Fig. 1) Tumor cells of the prostate gland exist as an ecosystem in a complex habitat within their microenvironment, coexisting and exchanging information with the host cells around them. 2, 3 In the bone, for example, this ecosystem includes haematopoietic stem cell precursors, stromal cells, osteoblasts, osteoclasts, nerve cells, adipocytes, endothelial cells, and multiple cell types of the immune system. Describing tumors as ecological systems defines new opportunities for novel cancer therapies based on disrupting cancer cell-host cellmicroenvironment networks.
2,3
Tumor Associated Macrophages (TAMs) as part of the cancer ecosystem Many malignant tumors are associated with an inflammatory infiltrate as part of the reactive stroma that consists mainly of macrophages (often called tumor-associated macrophages), which in some instances, comprise up to 50% of the cell tumor mass. [4] [5] [6] [7] These cells are an essential cellular component of the innate immune system and are derived from myeloid progenitor cells in the bone marrow compartment. These progenitor cells develop into promonocytes and are released into the circulation where they undergo differentiation into monocytes. These monocytes then migrate into tissues where they differentiate into resident tissue macrophages and help to protect these sites from infection and injury as activated ("M1") or alternatively activated macrophages ("M2"). [4] [5] [6] [7] In addition to this role in innate immunity, recent evidence suggests that macrophages also play an important role in the regulation of angiogenesis in both normal and diseased tissues, including malignant tumors. [4] [5] [6] [7] It is not clear whether TAMs are derived from peripheral blood monocytes recruited into the tumor from the circulation or from resident macrophages already in the healthy tissue before tumor develops and metastasizes. Elevated expression of a number of monocyte chemoattractants, including chemokine (C-C motif) ligand 2 (CCL2), CCL3, CCL4, CCL8 and CCL5 (RANTES) by both tumor and stromal cells within tumors has been shown to positively correlate with increased number of TAMs in many human tumors. [4] [5] [6] [7] [8] [9] When associated with tumors, macrophages demonstrate functional "polarization" that is heavily dependent on specific cytokine exposure. These cytokines include IFN-g and lipopolysaccharide (LPS) or IL-4/IL-13 or IL-10. This polarization drives one of two phenotypically different subsets (T H 1 or T H 2) of macrophages. T H 1 (also known as M1 macrophages) are activated by IFN-g, LPS. This type of activation is known as classical. T H 2 (also known as M2 macrophages) are activated by IL-4/IL-13 or IL-10.
4-9 M1 macrophages are known to produce NO, proinflammatory cytokines (IL-1, IL-6, TNFa and IL-12), and are tumoricidal while M2 macrophages scavenge debris and promote angiogenesis and wound repair. The M2 macrophage population is thought to be phenotypically similar to the tumorassociated macrophage population that promotes tumor growth development, epithelial to mesenchyme transitions, and subsequent metastasis.
10 CCL2 as well as CCL7 and CCL8, is an important chemokine that is known to regulate monoctye/ macrophage trafficking and has been reported to be present in several solid tumor beds.
Targeting tumor associated macrophages for cancer therapy
In the field of cancer biology, it is imperative to fully investigate the regulation of infiltrating TAMs and to define their function in primary and metastatic disease. Essentially, tumors are "wounds that do not heal" and M2-TAMs are constantly being attracted to cancer lesions where they try to scavenge debris and end up facilitating tumor growth and dissemination. Our analysis of metastases by flow cytometry revealed increased numbers of CD206-positive M2-TAMs in metastatic tissues of PCa patients at rapid autopsy (approximately 40% of cells in bone metastases). 8 These findings are indicative of the importance of M2-TAMs in not only primary but also in PCa metastasis. As outlined by Tang and colleagues, TAM targeted therapy strategies can be binned into 4 categories: (i) inhibiting macrophage recruitment; (ii) suppressing TAM survival; (iii) enhancing M1-like tumoricidal activity of TAMs; (iv) blocking M2-like tumor-promoting activity of TAMs. 6 Blocking chemoattraction and/or developing macrophage cytotoxic specific therapeutics are attractive ideas that have been reported to help inhibit tumorigenesis and attenuate cancer metastasis. 5, 8, 9 Inducing death of TAMs using bisphosphonates (e.g. zoledronic acid and clodronate) have been reported to decrease differentiation and survival of TAMs. These bisphosphonates have been shown to lead to the accumulation of cytotoxic ATP analogs which can induce apoptosis. However, bisphosphonates typically possess very poor cellular uptake. Another plausible strategy would be to increase the activity and the amount of M1 macrophages to promote tumor cell death by using CpG-ODN or TLR7/8 agonists which aide in up-regulating pro-inflammatory cytokines by positive regulation of the NF-kB pathway. 5 Lastly, strategies that target specific antigens on the cell surface of TAMs, such as the mannose receptor, the macrophage scavenging receptor, IL4 receptors, and macrophage 
10
The M2 macrophages then aide the PCa EMT cells in in situ invasion and intravasation into the lymphatic system. The PCa EMT cells then extravasate, adapt to the bone microenvironment, and remain dormant in the bone marrow before reversing their cellular characteristics by mesenchymal to epithelial transition (MET). As these cells leave dormancy, they increase their proliferative rate, resulting in cancer growth and an osteoblastic reaction in the bone.
colony stimulating factor receptor have been reported and are all currently under further development. 5 Each of these formidable strategies would ultimately ablate the interaction of M2 macrophages with the prostate tumor, aide in reprogramming the reactive tumor stroma, leading to tumor shrinkage and a better patient prognosis.
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